It is well known that some reducing substances, resembling true sugars in their behavior, occur almost invariably in plant extracts and may introduce great errors into the estimation of those sugars. Since the soluble sugars commonly present in plants (glucose, fructose, sucrose and maltose) are easily fermented by yeast, this phenomenon suggests itself as a convenient and practicable method for the fractionation of the total reducing substances in any plant extract into fermentable and non-fermentable fractions.
It is well known that some reducing substances, resembling true sugars in their behavior, occur almost invariably in plant extracts and may introduce great errors into the estimation of those sugars. Since the soluble sugars commonly present in plants (glucose, fructose, sucrose and maltose) are easily fermented by yeast, this phenomenon suggests itself as a convenient and practicable method for the fractionation of the total reducing substances in any plant extract into fermentable and non-fermentable fractions.
Methods TRIALS ON THE FERMENTATION OF PURE SUGARS BY ORDINARY BAKER'S YEAST
After trials with various brands of baker's yeast, a commercial brand, known in England by the name "Eureka" was selected as being most suitable.
Considerable work was done to determine optimum conditions for fermentation of pure sugars, with the selected yeast in the shortest time possible, in order to evade the action of bacteria. The conditions dealt with involved the study of the different hydrogen ion concentrations in the yeast media, the amount of yeast necessary for the complete exhaustion of a given amount of a fermentable sugar, the different sugars the selected yeast can digest, the time required for the completion of the fermentation process, and some other technical points.
The following technique was finally adopted: 10 cc. of 10% washed yeast, 350 C. for three hours. At the expiration of this period the mixture is neutralized to phenol red with N/10 NaOH, 4 cc. alumina cream are added with subsequent shaking of the flask, the volume is then completed up to 50 cc., and the contents filtered dry. A few drops of toluene are added to the clear filtrate which is set aside for estimation. Very much smaller concentrations of yeast were found adequate for the complete removal of glucose, fructose, and sucrose in the time stated; maltose fermentation, on the other hand, was-much slower. Using the standard concentration it was found that of 50 mg. maltose supplied, 90% had been removed in three hours; while practically complete removal in the same period was achieved when 5 cc. of 5% Taka-diastase solution were added to the yeast suspension.
Trials with galactose and the pentose sugars (xylose and arabinose) under the standard conditions showed that of 35 mg. supplied 96%0, 98%o,
The variety used in this work is known in England by ''Early Market." and 95( of the original amounts of these sugars were recovered, respectively. The small losses are presumably due to the development of bacteria under the conditions of the incubation, since estimations after twenty-four hours incubation gave very much higher losses; a result which makes HEINzE and MURNEEK'S (5) practice of 48 hours incubation and that of RYGG (11) of 18 hours incubation for fractionating yeast fermentable and non-fermentable parts of plant extracts rather questionable.
Any loss of reducing power due to the absorption, by yeast, of some of the sugars under investigation can be neglected, since experiments in which the fresh yeast was precipitated with alumina cream, immediately after mixing with the sugar solutions, gave satisfactory percentage recovery: maltose, 99%o; galactose, 100%; arabinose, 100.5%; and xylose, 99%o. Glucose, however, under the same treatment gave a recovery of only 967o, a result which is ascribed to its rapid fermentation, for with boiled yeast treated in the same way the recovery was 101%.
Thuts the technique adopted ensures the removal of glucose, fructose, and sucrose, leaving galactose and the pentose sugars practically untouched.
APPLICATION OF THE TECHNIQUE ADOPTED FOR THE REMOVAL OF THE FERMENTABLE SUGARS FROM CARROT TISSUE EXTRACT
Time curves for complete removal of fermentable sugars in carrot tissue extract were studied on many occasions. Because of the presence of some non-fermentable reducing substances which are continually attacked by bacteria presenit in the yeast suspension, no constant value for these substances could be attained at any point on the time curve. For this reason, the method which was finally adopted to ensure the complete digestion of the reducing fermentable sugars in the tissue extract was as follows.
A sample of the extract (about 20 cc.) was treated with yeast under the standard conditions, and to another aliquot sample a known amount of glucose was added; in both cases the reducing value of the clear digest wa-s the same. This implies: firstly, that fermentable sugars in the extract are totally removed; and secondly, that nothing is present in the extract to hamper in any measurable way the action of yeast.
To rule out any possible error which might arise from the application of yeast, a blank fermentation containing all of the reagents with distilled water in place of the experimental extract, was always carried out. It is interesting to note that the titration value of this yeast blank and that of pure distilled water, were always practically the same, especially when the copper method was being employed for the estimation of reducing values.
The amount of yeast used was decreased or increased according to the reducing value of the material to be fermented, and a corresponding increase or decrease was made in the amount of alumina cream used for precipitation.
EXTRACTION AND CLARIFICATION
For the extraction of carbohydrates from carrot root tissue, the 807o-alcohol technique was employed. Extraction was carried out in a simplified soxhlet-like apparatus until no color appeared in the drippings. This was considered the end point of extraction, according to previous work done in this laboratory. The simpler carbohydrates, such as the hexoses and the disaccharides, were sought in the alcohol extract, the more complex forms in the alcohol insoluble residue. From the extract, the alcohol was removed by distillation under reduced pressure at 50-55°C. to avoid the possibility of any sucrose inversion, especially towards the end of distillation when the bulk was reduced to a few cc. of a syrupy fluid. This latter was then taken up in water by washing it several times, with a little warm water and clean sand each time. The washings thus collected were finally clarified. Among the many clarifying agents used by earlier investigators (1), basic lead acetate was most extensively applied, followed by one of a number of such reagents as carbonates, sulphates, oxalates of sodium or potassium to remove the excess lead. Loss of reducing sugars, especially of fructose present in the extract, was noticed under such treatment by many workers, and was attributed to a destructive action of the lead salt on fructose (7). ENGLIs and TSANG (2) had experimentally shown that this loss in reducing sugars from tissue extracts, clarified with basic lead acetate, was due to the nature of the deleading agents used, and not to the lead salt. In view of the facts hitherto mentioned, many trials on clarifying carrot tissue extract were carried out, using some of the reagents most commonly used for this purpose. Two precipitants, namely basic and neutral lead acetate, were chosen. Each one of the two reagents was tried on two aliquot samples of the same extract. I show that the application of lead acetate, either basic or neutral, followed by disodium hydrogen phosphate consistently resulted in higher reducing values than when potassium oxalate was used in place of phosphate; especially for the fermentable fraction of the extract which includes all the reducing sugars. These results are in accord with the conclusion of ENGLIS and TSANG (2) .
Accordingly the treatment with basic lead acetate as a precipitant, followed by disodium hydrogen phosphate as a deleading agent, was adopted for the work on carrot tissue extracts.
ESTIMATION OF INDIVIDUAL CARBOHYDRATES IN CARROT TISSUE ]EXTRACT AND THE METHODS EMPLOYED
Two methods, previously modified and elaborated in this laboratory, for the estimation of reducing substances in plant extract, were used. THE FERRICYANIDE METHOD.-This is a modification of HAGEDORN and JENSEN's (3) method which was first introduced and modified in this laboratory by Hanes, and finally standardized by HULME and NARAIN (6) for the estimation of pure reducing sugars in solution.
THE COPPER METHOD.-This is a modification of SHAFFER and HARTMAN 's (12) method which was later standardized by MASKELL and NARAIN (work hitherto unpublished). The principal modification consists in the use of a less alkaline solution and the removal of -oxygen from the mixture of extract and copper reagent before boiling, by means of a stream of nitrogen gas. Under these conditions there is no re-oxidation of reduced copper during boiling, and the thiosulphate titration value is proportional to the amount of sugar present, up to a maximum of 1.5 mg. of the reducing substance (hexose) to be estimated.
Each of the two methods proved to have some characteristic merits. The ferricyanide has an advantage over the copper method in the fact that it is not affected by any oxygen that may be present in the experimental solution. Also larger amounts of reducing substances can be estimated by the ferricyanide than by the copper method; the upper limits being 3.0 and 1.5 mg., respectively. On the other hand, the copper method, relative to monosaccharides, is less sensitive to reducing disaccharides than is-the ferricyanide method. Consequently, with the copper method, the rise in the reducing value after the hydrolysis of disaccharides, will be relatively greater and hence more accurately estimated, than with the ferricyanide method.
In view of the differences between the two methods and the advantages each one has over the other in some respects, both were (10) and based on the oxidation of aldoses by iodine ill alkaline solution. MASKELL and NARAIN (unpublished data) found this method to give correct results for mixtures of pure sugars; for leaf extracts, however, the figures for aldose sugars, indicated by the iodine used up, were invariably much too high.
In the present work, the method was tested oni carrot tissue extraet. The residual iodine in the experimental samples was titrated with N/10 sodium sulphite and the difference between the values thus obtained and a blank estimation, gave values in terms of Na2SO3 equivalent to the I2 reduced by the experimental solutions. Table II contains a few sets of results which represent values for the aldoses estimated by the iodometric, ferricyanide, and the copper methods. In using the two latter methods for the estimation of the aldoses, samples of the extract were treated with iodine as mentioned above, merely to remove the aldoses; then the ketoses, presumably left ulntouched, were estimated. The difference between the reducing value of the extract both before and after the iodine treatment gave the value for the aldoses. The extract used for this investigation was previously hydrolyzed with N/2 HCI for increasing lengths of time at 600 C. during the course of elaborating techniques for sucrose estimation. The figures obtained and presented in table II are in accord with NARAIN'S (8) results working on pure sugars and ivy leaf extracts.
In view of the excessively high estimates obtained for apparent glucose (aldoses) with the iodometric method, the use of this method for accurate estimation of these sugars was ruled out. It not only falsifies the figures for aldoses, but it also leads to fictitious results for ketoses which are to be obtained by subtracting the aldose value from the total reducing value of the two, estimated jointly by either the ferricyanide or the copper method. Despite the limitations of the iodometric method and in view of the fact that ketoses are hardly oxidized by iodine under these conditions, the iodometric method was made use of merely as a means of getting the aldoses present in the extract inactive by oxidation, leaving the residual ketoses to be estimated by either of the standard methods. period. This involved the fermentation of an aliquot sample of the extract to which a known amount of pure glucose or pure fructose was added. In almost all cases, the results obtained after fermentilng the entire and mixed extracts, agreed fairly well. In cases when such an agreement was not attained, however, the quantity of yeast employed was increased to effect such agreement. Although the joint value for true glucose and true fructose present in carrot tissue extract could be obtained according to the technique so far described, no accurate separate values for the two hexoses could possibly have been obtained without firstly ascertaining whether this non-fermentable fraction belonged to the aldo or to the keto type of reducing substances, or whether it was a mixture of the two; and secondly, estimating the value of each component of a mixture.
ALDO AND KETO NON-FERMENTABLE SUBSTANCES.-To separate the non-fermentable substances into aldo and keto fractions, 20-to 30-cc. samples of the extract were fermented under the conditions of the standard method, and the reducing value of the fermented extract was estimated. Samples of the fermented extract were then oxidized with iodine and the reducing value of the oxidized solution was again measured. This latter value was taken to represent the keto non-fermentable substance, and the difference between this and the total value (before oxidation but after fermentation) to represent the value for the aldo non-fermentable substance. By subtracting these two figures from those representing the total ketoses and total aldoses (apparent hexoses, respectively) the values for true fructose and true glucose were obtained. This procedure with a slight modification, was duplicated for confirmation. The same steps were performed, only with their sequence reversed; namely, oxidation preceding fermentation. With both sequences fairly good agreements were obtained. The results obtained at this stage and throughout the present work, indicated that the non-fermentable matter present in carrot root extract is composed of two different types; i.e., a keto and an aldo, and that the keto type constituted the major part; at times the aldo type was entirely absent. Nothing like a constant ratio between the relative values of these two substances did exist at any time. This realization, coupled with the fact that the value of the non-fermentable fraction in the extract was by no means too low to be ignored, rising at times to more than 10% of the value for true hexoses, necessitated going through the tedious processes of their fractionation whenever the estimation of true sugars was required.
Before passing to the estimation of other members of the carbohydrate group present in carrot tissue extract, a few trials were carried out to check the reliability of the figures so obtained in representing the true hexoses in that extract. Recovery of pure fructose added to the extract was tried, both before and after treating the mixture with iodine. Within the limits of experimental error, 100%0 recovery was obtained, suggesting that nothing in the carrot tissue extract, nor the treatment with iodine, affects the recovery of pure sugar added to the extract in any measurable degree, and hence the genuineness of the figures for glucose and fructose present in this extract may be accepted.
THEI DISACCHARIDES-SUCROSE.-The method adopted in this laboratory and applied to pure sucrose and leaf extracts was based on hydrolyzing the material to be analyzed for sucrose, with half normal hydrochloric acid at 600 C., and measuring the reducing value after hydrolysis.
Since the value for sucrose in carrot tissue extract was to be obtained from the increase in the reducing value of the extract after hydrolysis with N/2 HC1 at 600 C., the accuracy of such a value would necessarily depend on, firstly, whether the non-fermentable reducing substances in the extract would undergo any substantial change under the conditions of hydrolysis; and, secondly, whether any disaccharide, other than sucrose, may be present in the extract to augment the reducing value of that extract on hydrolysis.
A few trials were carried out to test the behavior of the non-fermentable method, however, glucose is consistently higher than fructose; a discrepancy which is quite inexplicable and must be ascribed to some failing in that method rather than to a substance in the extract responsible for this excess of glucose. This assumption is substantiated by the fact, as -mentioned earlier, that the copper method relative to hexose is less sensitive to disaccharides than is the ferricyanide method; hence it follows that in case of the presence of a substance of this category in the extract, the copper method should give-after hydrolysis-higher reducing values relative to the initial reducing power of the extract, than would the ferricyanide method. In no instance was this the case; on the contrary, the ferricyanide method invariably gave higher results. Nevertheless, an attempt was made to find a cause for this disparity between the two components (glucose and fructose) of the hydrolysis products, as estimated by the ferricyanide method; a cause which was thought to lie probably in the oxidation reagents and their possible interference with the estimation of ketoses-and consequently the aldoses. After many fruitless efforts, through which it was well established that the oxida-tion reagents did in no way interfere with the estimation of the reducing power of carrot extracts no such cause was discovered to account for the behavior of the ferricyanide method in this respect.
Since the rate of hydrolysis of any material under any given set of conditions is a fairly good index to its identification, the rate of hydrolysis of carrot root extract under these conditions was calculated, in the hope of shedding some light on the nature of the substance in question. The MALTOSE.-The method which has been used in this laboratory by MAS-KELL and NARAIN (unpublished data) for the estimation of maltose, based on the hydrolysis of this sugar with N HCl at 1000 C. and allowing for the destruction of the hydrolysis products at the rate of 1%o per hour, was tried on carrot tissue extract; also hydrolyzing the extract with 0.5% Takadiastase was attempted. Results obtained are recorded in table VIII, together with the reducing value of the same extract after N/2 HC1 hydrolysis at 600 C. The increase due to hydrolysis after both the treatment with N/2 HCI at 600 C. and with 0.5% Taka-diastase is practically the same. The low results obtained after hydrolysis with N HCI at 1000 C. might be due to a greater rate of destruction than has been allowed for. These results further confirm the conclusion, already arrived at; namely, that sucrose is the only disaccharide present in carrot root tissue. 
